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(54) Control system, control method, and radio network controller preferably used forthe system 
and method 



(57) It is an object of the present invention to provide 
a control system capable of maintaining communication 
quality, decreasing transmission delay, and simultane- 
ously connecting with numerous mobile stations (40) in 
a mobile packet communication system. The control 
system of the present invention controls the information 
rate of a shared channel (DSCH) in a mobile packet 
communication system for time division multiplexing 
and transmitting data signals addressed to a plurality of 
mobile stations (40) through a shared channel (DSCH) 



and transmitting control signals addressed to the mobile 
stations through dedicated channels (A-DPCHs). The 
control system is provided with a dedicated channel 
number monitoring unit (25) for monitoring a change in 
the number of dedicated channels (number of simulta- 
neously connected A-DPCHs) and an information rate 
controlling unit (24) for controlling the information rate 
of the shared channel (DSCH) according to the detec- 
tion result when a change in the number of dedicated 
channels (number of simultaneously connected A-DP- 
CHs) is detected. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based upon and claims the 5 
benefit of priority from the prior Japanese Patent Appli- 
cations No. P2001 -338446, filed on 2 November; 2001 , 
the entire contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a control sys- 
tem and control method for controlling an information 
rate in a mobile communication system and a radio net- 
work controller preferably used for the control system 
and control method. 

[0003] Particularly, the present invention relates to a 
control system and control method for controlling the in- 
formation rate of downlink in a mobile packet communi- 
cation system and a radio network controller preferably 
used for the control system and control method. 

2. Description of the Related Art 

[0004] A conventional mobile packet communication 
system addresses time-division multiplexed data sig- 
nals to a plurality of users (mobile stations) on a single 
radio channel (hereafter referred to as a channel) and 
transmits the data signals to the users from a viewpoint 
of the efficiency of frequency utilization, delay tolerance 
in packet communication, and the saving of code re- 
sources in downlink. 

[0005] Fig. 1 shows a channel configuration for a con- 
ventional packet communication system specified in 
3GPP (Third Generation Partnership Project). 
[0006] The channel configuration shown in Fig. 1 uses 
a downlink shared channel (DSCH) for time-division 
multiplexing and transmitting data signals addressed to 
mobile stations 40 1 and 40 2 through downlink. 
[0007] The channel configuration shown in Fig. 1 uses 
an associated dedicated physical channel (A-DPCH) for 
transmitting control signals addressed to the mobile sta- 
tions 40 1 and 40 2 through downlink. 
[0008] Moreover, the channel configuration shown in 
Fig. 1 uses a dedicated physical channel (DPCH) for 
transmitting both data signals and control signals ad- 
dressed to the mobile stations 40 1 and 40 2 in uplink be- 
cause the possibility of exhaustion of code resources is 
very low in uplink and the necessity for using a shared 
channel such as a DSCH is low. 
[0009] In this case, A-DPCH-1 and A-DPCH-2 are 
dedicated channels for a base station 30 to transmit a 
control signal to the mobile stations 40 1 and 40 2 respec- 
tively, which are always transmitted through code divi- 
sion multiplexing using codes different for each of the 



mobile stations 40j and 40 2 . 

[0010] Moreover, the DSCH is a shared channel for 
the base station 30 to transmit data signals to the mobile 
stations 40 1 and 40 2 and is always transmitted through 
code-division multiplexing for changing the transmis- 
sion timing for each of the mobile stations 40 1 and 40 2 
by using the same code. 

[0011] In this case, to transmit data signals from the 
network (base station 30) to the mobile station 40 t or 
40 2 by using a DSCH, the message "a DSCH is trans- 
mitted" is previously notified to the mobile station 40 1 or 
40 2 through the radio frame of an A-DPCH before the 
radio frame of the DSCH. 

[0012] Then, the mobile station 40j or 40^ receiving 
the above notice starts receiving the DSCH only when 
it is determined that the DSCH is coming. 
[0013] By using the above system, the base station 
30 can freely change the mobile stations 40 t and 40 2 
for transmitting data signals by using the DSCH. 
[0014] In Fig. 1, the A-DPCH-1 and A-DPCH-2 and 
the DSCH are set as downlinks. However, the DSCH is 
not always set but it is set only when the above notice 
is received through the A-DPCH-1 or A-DPCH-2. 
[001 5] Because the DSCH is discretely transmitted on 
a time basis, it is impossible to apply closed-loop trans- 
mission power control to the DSCH. Therefore, closed- 
loop transmission power control is applied to the tem- 
porally-continuous A-DPCH or DPCH and the transmis- 
sion power of the DSCH is controlled so as to interlock 
with the transmission power of the A-DPCH with a pre- 
determined offset which is previously decided by a tel- 
ecommunication operator. 

[0016] For example, when the transmission power of 
the A-DPCH-1 addressed to the mobile station 40 n is 
20dBm at the time t and the DSCH is transmitted to the 
mobile station 40 1 at the time t, the transmission power 
of the DSCH addressed to the mobile station 40 1 at the 
time t becomes 30dBm if the above offset is equal to 
10dBm. 

[001 7] Moreover, for example, when the transmission 
power of the A-DPCH-2 addressed to the mobile station 
40 2 is 22dBm at the time t+1 , the transmission power of 
the DSCH addressed to the mobile station 40 2 at the 
time t+1 similarly becomes 32dBm. 
[001 8] Furthermore, in the case of a conventional mo- 
bile packet system specified in 3GPP, the information 
rate of the DSCH can be changed at every transmission 
time interval (TTI) at each of mobile stations 40 1 and 
40 2 . 

[001 9] However, it is unknown what can be used as a 
trigger to change an information rate of the DSCH at 
present, and an information rate set at start of commu- 
nication is not changed after the start of the communi- 
cation. 

[0020] In general, it is a problem for a mobile packet 
communication system to maintain communication 
quality, decrease transmission delay (increase an infor- 
mation rate), and simultaneously connect with numer- 
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ous mobile stations 40 (house more users). In this case, 
it is known that an information rate is proportional to a 
transmission power. 

[0021 ] That is, it is known that when a higher informa- 
tion rate is necessary, a larger transmission power is 
necessary and when communication is performed at a 
low information rate, only a small transmission power is 
necessary. 

[0022] In the case of a conventional mobile packet 
communication system, however, because the informa- 
tion rate of the DSCH is a fixed information rate and the 
A-DPCH is a dedicated channel for code-division-mul- 
tiplexing a control signal addressed to each mobile sta- 
tion 40, a system capacity is pressured due to the in- 
crease in the transmission power or the number of code 
resources consumed by the A-DPCH when the number 
of mobile stations 40 simultaneously connected increas- 
es. 

[0023] Therefore, a problem occurs in that it is difficult 
to maintain communication quality and decrease trans- 
mission delay. 

[0024] To solve the above problem, a mechanism is 
known which maintains communication quality of the 
whole mobile packet communication system and de- 
creases transmission delay by observing the transmis- 
sion power and the number of code resources con- 
sumed by the A-DPCH when admitting a connection re- 
quest from a new mobile station 40. 
[0025] The above mechanism does not admit the con- 
nection request from the new mobile station 40 when 
either of the transmission power and the number of code 
resources is almost exhausted. 
[0026] However, the above mechanism has a prob- 
lem that it cannot connect with numerous mobile sta- 
tions 40 (cannot house more users) at the same time 
though it is preferable not to reject connection requests 
from new mobile stations 40 as far as possible. 

BRIEF SUMMARY OF THE INVENTION 

[0027] Thus, the present invention is made to solve 
the above problems and its object is to provide a control 
system and a control method making it possible to main- 
tain communication quality, decrease transmission de- 
lay, and simultaneously connect numerous mobile sta- 
tions 40 (house more users) by dynamically controlling, 
according to the number of connected A-DPCHs, the in- 
formation rate of the DSCH addressed to each mobile 
station 40 in a mobile packet communication system for 
time-division multiplexing and transmitting data signals 
addressed to a plurality of mobile stations 40 to a single 
channel (DSCH) and making the transmission power of 
the DSCH interlock with the transmission power of an 
A-DPCH with a predetermined offset. 
[0028] The first aspect of the present invention is a 
control system for controlling the information rate of a 
shared channel in a mobile packet communication sys- 
tem for multiplexing and transmitting data signals ad- 



dressed to a plurality of mobile stations through the 
shared channel and transmitting the control signal ad- 
dressed to each of the mobile stations through a dedi- 
cated channel comprising; a dedicated channel number 

5 monitoring unit for monitoring a change in the number 
of dedicated channels; and an information rate control- 
ling unit for controlling the information rate of the shared 
channel according to the detection result when a change 
in the number of dedicated channels is detected. 

io [0029] In the case of the first aspect of the present 
invention, it is preferable that the information rate con- 
trolling unit preferentially controls the information rate of 
the shared channel of a specific mobile station accord- 
ing to the number of transmission errors of the data sig- 

15 nals when a change in the number of dedicated chan- 
nels is detected. 

[0030] In the case of the first aspect of the present 
invention, it is preferable that the information rate con- 
trolling unit obtains the number of dedicated channels 

20 when a change in the number of dedicated channels is 
detected; calculates a target control frequency for con- 
trolling the information rate of the shared channel ac- 
cording to the obtained number of dedicated channels; 
calculates the total control execution frequency which is 

25 the total of control execution frequencies already having 
executed the control of the information rate of the shared 
channel in the mobile stations; divides the mobile sta- 
tions into groups according to the control execution fre- 
quencies; selects a group having the highest control ex- 

30 ecution frequency and selects a mobile station having 
the smallest number of transmission errors in the select- 
ed group, when the total control execution frequency is 
larger than the target control frequency; selects a group 
having the lowest control execution frequency and se- 

35 lects a mobile station having the largest number of trans- 
mission errors in the selected group, when the total con- 
trol execution frequency is smaller than a target control 
frequency; and controls the information rate of the 
shared channel for the selected mobile station. 

40 [0031] In the case of the first aspect of the present 
invention, it is preferable that the information rate con- 
trolling unit preferentially controls the information rate of 
the shared channel of a specific mobile station accord- 
ing to the average value of transmission power of the 

45 dedicated channels in a predetermined period when a 
change in the number of dedicated channels is detect- 
ed. 

[0032] In the case of the first aspect of the present 
invention, it is preferable that the information rate con- 

50 trolling unit obtains the above number of dedicated 
channels when a change in the number of dedicated 
channels is detected; calculates a target control fre- 
quency for controlling the information rate of the shared 
channel according to the obtained number of dedicated 

55 channels; calculates the total control execution frequen- 
cy which is the total of control frequencies already hav- 
ing executed the control of the information rate of the 
shared channel in the above mobile stations; divides the 
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above mobile stations into groups according to the con- 
trol execution frequencies; selects a group having the 
highest control execution frequency and selects a mo- 
bile station having the smallest average value of trans- 
mission power of the dedicated channels in the prede- 5 
termined period in the selected group, when the total 
control execution frequency is higher than the target 
control frequency; selects a group having the lowest 
control execution frequency and selects a mobile station 
having the largest average value of transmission power 
of the dedicated channels in the predetermined period 
in the selected group, when the total control execution 
frequency is smaller than the target control frequency; 
and controls the information rate of the shared channel 
for the selected mobile station. 
[0033] The second aspect of the present invention is 
a control method for controlling the information rate of 
a shared channel in a mobile packet communication 
system for multiplexing and transmitting data signals ad- 
dressed to a plurality of mobile stations through the 
shared channel and transmitting a control signal ad- 
dressed to each of the mobile stations through dedicat- 
ed channels including the steps of; (a) monitoring a 
change in the number of dedicated channels; and (b) 
controlling the information rate of the shared channel ac- 
cording to the detection result when a change in the 
number of dedicated channels is detected. 
[0034] In the case of the second aspect of the present 
invention, in the step (b), it is preferable to preferentially 
control the information rate of the shared channel of a 
specific mobile station according to the number of trans- 
mission errors of the data signals when a change in the 
number of dedicated channels is detected. 
[0035] I n the case of the second aspect of the present 
invention, it is preferable that the step (b) includes the 
steps of; (b1) obtaining the above number of dedicated 
channels when a change in the number of dedicated 
channels is detected; (b2) calculating a target control 
frequency for controlling the information rate of the 
shared channel according to the obtained number of 
dedicated channels; (b3) calculating the total control ex- 
ecution frequency which is the total of control execution 
frequencies already having executed the control of the 
information rate of the shared channel in the above mo- 
bile stations; (b4) dividing the above mobile stations into 
groups according to the control execution frequencies; 
(b5) selecting a group having the highest control execu- 
tion frequency and selecting a mobile station having the 
smallest average value of transmission power of the 
dedicated channels in the predetermined period in the 
selected group, when the total control execution fre- 
quency is higher than a target control frequency; (b6) 
selecting a group having the lowest control execution 
frequency and selecting a mobile station having the larg- 
est average value of transmission power of the shared 
channel in the predetermined period in the selected 
group, when the total control execution frequency is low- 
er than a target control frequency; and (b7) controlling 



the information rate of the shared channel for the select- 
ed mobile station. 

[0036] In the case of the second aspect of the present 
invention, in the step (b), it is preferable to preferentially 
control the information rate of the shared channel of a 
specific mobile station according to the average value 
of transmission power of the dedicated channels in a 
predetermined period when a change in the number of 
dedicated channels is detected. 
[0037] In the case of the second aspect of the present 
invention, it is preferable that the step (b) includes the 
steps of; (b1 1 ) obtaining the above number of dedicated 
channels when a change in the number of dedicated 
channels is detected; (b12) calculating a target control 
frequency for controlling the information rate of the 
shared channel according to the obtained number of 
dedicated channels; (b13) calculating the total control 
execution frequency which is the total of control execu- 
tion frequencies already having executed the control of 
the information rate of the shared channel in the above 
mobile stations; (b14) dividing the mobile station into 
groups according to the control execution frequencies 
(b15) selecting a group having the highest control exe- 
cution frequency and selecting a mobile station having 
the smallest average value of transmission power of the 
dedicated channels in the predetermined period in the 
selected group, when the total control execution fre- 
quency is higher than a target control frequency; (b16) 
selecting a group having the lowest control execution 
frequency and selecting a mobile station having the larg- 
est average value of transmission power of the dedicat- 
ed channels in the predetermined period in the selected 
group, when the total control execution frequency is tow- 
er than a target control frequency; and (b1 7) controlling 
the information rate of the shared channel for the select- 
ed mobile station. 

[0038] The third aspect of the present invention is a 
radio network controller used for a mobile packet com- 
munication system for multiplexing and transmitting da- 
ta signals addressed to a plurality of mobile stations 
through a shared channel and transmitting a control sig- 
nal addressed to each of the mobile stations through 
each of dedicated channels comprising; a dedicated 
channel number monitoring unit for monitoring a change 
in the above number of dedicated channels; and an in- 
formation rate controlling unitfor controlling the informa- 
tion rate of the shared channel according to the detec- 
tion result when a change in the number of dedicated 
channels is detected. 

[0039] In the case of the third aspect of the present 
invention, it is preferable that the information rate con- 
trolling unit preferentially controls the information rate of 
the shared channel of a specific mobile station accord- 
ing to the number of transmission errors of the data sig- 
nals when a change in the above number of dedicated 
channels is detected. 

[0040] In the case of the third aspect of the present 
invention, it is preferable that the information rate con- 
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trolling unit obtains the above number of dedicated 
channels when a change in the number of dedicated 
channels is detected; calculates a target control fre- 
quency for controlling the information rate of the shared 
channel according to the obtained number of dedicated 
channels; calculates the total control execution frequen- 
cy which is the total of control execution frequencies al- 
ready having executed the control of the information rate 
of the shared channel in the above mobile stations; di- 
vides the mobile stations into groups according to the 
control execution frequencies; selects a group having 
the highest control execution frequency and selects a 
mobile station having the smallest number of transmis- 
sion errors in the selected group, when the total control 
execution frequency is higher than a target control fre- 
quency; selects a group having the lowest control exe- 
cution frequency and selects a mobile station having the 
largest number of transmission errors in the selected 
group, when the total control execution frequency is low- 
er than a target control frequency; and controls the in- 
formation rate of the shared channel for the selected 
mobile station. 

[0041] In the case of the third aspect of the present 
invention, it is preferable that the information rate con- 
trolling unit preferentially controls the information rate of 
the shared channel of a specific mobile station accord- 
ing to the average value of transmission power of the 
dedicated channels in a predetermined period when a 
change in the number of dedicated channels is detect- 
ed. 

[0042] In the case of the third aspect of the present 
invention, it is preferable that the information rate con- 
trolling unit obtains the above number of dedicated 
channels when a change in the number of dedicated 
channels is detected; calculates a target control fre- 
quency for controlling the information rate of the shared 
channel according to the obtained number of dedicated 
channels; calculates the total control execution frequen- 
cy which is the total of control execution frequencies al- 
ready having executed the control of the information rate 
of the shared channel in the above mobile stations; di- 
vides the mobile station into groups according to the 
control execution frequencies; selects a group having 
the highest control execution frequency and selects a 
mobile station having the smallest average value of 
transmission power of the dedicated channels in the 
predetermined period in the selected group, when the 
total control execution frequency is higher than a target 
control frequency; selects a group having the lowest 
control execution frequency and selects a mobile station 
having the largest average value of transmission power 
of the dedicated channels in the predetermined period 
in the selected group, when the total control execution 
frequency is lower than a target control frequency; and 
controls the information rate of the shared channel for 
the selected mobile station. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0043] 

5 

Fig. 1 is a schematic block diagram of a mobile 
packet communication system of a prior art; 
Fig. 2 is an illustration showing a configuration of 
the present embodiment; 
10 Fig. 3 is a functional block diagram of a radio net- 
work controller and a base station constituting a 
control system of an embodiment of the present in- 
vention; 

Rg. 4 is an illustration showing an equivalence table 
is provided for an information rate control unit of a ra- 
dio network controller of a control system of an em- 
bodiment of the present invention; 
Fig. 5 is an illustration showing the contents stored 
in a memory of a radio network controller of a control 
20 system of an embodiment of the present invention; 
Fig. 6 is a flowchart showing operations for dynam- 
ically controlling the information rate of a DSCH in 
the control system of the present embodiment; 
Rg. 7 is a functional block diagram of a radio net- 
25 work controller and a base station constituting a 
control system of an embodiment of the present in- 
vention; 

Rg. 8 is an illustration showing the contents stored 
in a memory of radio network controller of a control 
30 system of an embodiment of the present invention; 
Fig. 9 is a flowchart showing operations for dynam- 
ically controlling the information rate of a DSCH in 
a control system of an embodiment of the present 
invention; 

35 Rg. 1 0 is a flowchart showing operations for dynam- 
ically controlling the information rate of a DSCH in 
a control system of an embodiment of the present 
invention; and 

Rg. 11 is a flowchart showing operations for dynam- 
40 icaliy controlling the information rate of a DSCH in 
a control system of an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

(Configuration of control system of embodiment 1 of the 
present invention) 

[0044] A configuration of a control system of embod- 
50 iment 1 of the present invention is described below by 
referring to the accompanying drawings. 
[0045] The control system of this embodiment con- 
trols the information rate of a downlink shared channel 
(DSCH) in a mobile packet communication system for 
55 multiplexing and transmitting data signals addressed to 
a plurality of mobile stations 40 through a downlink 
shared channel (DSCH) and transmitting a control sig- 
nal addressed to each of the mobile stations 40 through 
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an associated dedicated physical channel (A-DPCH). 
[0046] Fig. 2 is an illustration showing a configuration 
of the mobile packet communication system of this em- 
bodiment. The configuration of the mobile packet com- 
munication system of this embodiment is the same as 5 
the configuration of a general mobile communication 
network. 

[0047] As shown in Fig. 2, the mobile packet commu- 
nication system of this embodiment is configured with 
an exchange 10, radio network controllers 20 1 to 20 a , 
base stations 30 1 to 3%, and mobile stations 40 1 to 40 c 
in the layered architecture. 

[0048] The radio network controllers 20j to 20a have 
the same function, the base stations 30-, to 30^ have the 
same function, and the mobile stations 40 1 to 40 c have 
the same function. Therefore, representatives (radio 
network controller 40, base station 30, and mobile sta- 
tion 40) of them are described below. 
[0049] The exchange 1 0 is connected to the radio net- 
work controller 20 to exchange data signals. 
[0050] The radio network controller 20 is connected 
to the exchange 1 0 and the base station 30 to control a 
plurality of base stations 30. For example the radio net- 
work controller 20 designates a predetermined offset 
value between transmission power of a DSCH and an 
A-DPCH and designates the information rate of the 
DSCH. 

[0051] Each base station 30 performs radio commu- 
nication (mobile packet communication) through a radio 
circuit between the base station 30 and mobile station 
40. 

[0052] Fig. 3 shows functional blocks of the radio net- 
work controller 20 and base station 30 constituting the 
control system of this embodiment. 
[0053] As shown in Fig. 3, the radio network controller 
20 is provided with a user data buffer 21 , a queuing unit 
22, a memory 23 t an inf ormation rate controlling unit 24, 
and a call admission controlling unit 25. 
[0054] I n the case of this embodiment, the call admis- 
sion controlling unit 25 constitutes a dedicated channel 
number monitoring unit for monitoring a change (an in- 
crease or a decrease) in the number of dedicated chan- 
nels (number of simultaneously connected A-DPCHs). 
[0055] Moreover, the information rate controlling unit 
24 constitutes an information rate controlling unit for 
controlling the information rate of a downlink shared 
channel (DSCH) according to the detection result when 
a change in the number of dedicated channels (number 
of simultaneously connected A-DPCHs) is detected. 
[0056] The user data buffer 21 is connected to the 
queuing unit 22, and temporarily stores data signals ad- 
dressed to users (mobile stations 40 1 to 40J incoming 
from the exchange 1 0 and transmits the data signals to 
the queuing unit 22 according to a request from the 
queuing unit 22. The user data buffer 21 is constituted 
by user data buffers #1 to #n for the users (mobile sta- 
tions 40 1 to 40 n ). 

[0057] The queuing unit 22 is connected to the user 



data buffer 21 and memory 23, selects users (mobile 
stations 40 1 to 40 n ) according to a predetermined meth- 
od, extracts data signals stored in the user data buffers 
#1 to #n for the selected users (mobile stations 40 t to 
40^, and transfers the extracted data signals to the 
DSCH-transmittJng unit 32 of the base station 30. 
[0058] Moreover, the queuing unit 22 extracts a 
"present information rate (the set information rate)" from 
the memory 23 and transfers the extracted set informa- 
tion rate to the DSCH -transmitting unit 32 of the base 
station 30. 

[0059] The memory 23 is connected to the information 
rate controlling unit 24 and thecal! admission controlling 
unit 25 to store a "present information rate" and "the 
number of simultaneously connected A-DPCHs". 
[0060] Fig. 5 shows the contents stored in the memory 
23. The "present information rate (the set information 
rate)" shows a presently set information rate of a DSCH. 
The "number of simultaneously connected A-DPCHs" 
shows the number of presently connected (presently- 
transmitted) A-DPCHs, that is, the number of presently 
connected users (mobile stations 40). 
[0061] In Fig. 5, the "present information rate (the set 
information rate)" is equal to Rg Kbps and the "number 
of simultaneously connected A-DPCHs" is equal to P. 
[0062] The call admission controlling unit 25 is con- 
nected to the memory 23 and the information rate con- 
trolling unit 24, receives a call request and a disconnec- 
tion request transmitted from the mobile station 40 via 
the base station 30, and determines whether or not to 
receive them. 

[0063] When an admission determination result is re- 
jection (negative), the call admission controlling unit 25 
returns the message showing that the result is rejection 
to the mobile station 40. 

[0064] When the admission determination result is 
permission (positive), the call admission controlling unit 
25 increases the "number of simultaneously connected 
A-DPCHs" by 1. Moreover, when the admission deter- 
mination result is permission (positive), the call admis- 
sion controlling unit 25 notifies the information rate con- 
trolling unit 24 that the admission determination result 
is permission. 

[0065] The information rate controlling unit 24 is con- 
nected to the memory 23 and the call admission con- 
trolling unit 25, and controls the information rate of a 
DSCH according to the notice showing that the admis- 
sion determination result from the call admission con- 
trolling unit 25 is permission. 

[0066] Specifically, the information rate controlling 
unit 24 has an equ ivalence table for relating the "number 
of simultaneously connected A-DPCHs" with the "infor- 
mation rate" (refer to Fig. 4). 

[0067] The information rate controlling unit 24 ex- 
tracts the "number of simultaneously connected A-DP- 
CHs" from the memory 23 according to the notice show- 
ing that the admission determination result from the call 
admission controlling unit 25 is permission, retrieves the 
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"information rate" corresponding to the "number of si- 
multaneously connected A-DPCHs" according to the 
equivalence table shown in Fig. 4, and decides the re- 
trieved "information rate" as an information rate R^ 
newly set as the information rate of a DSCH. 
[0068] In this case, the equivalence table shown in 
Fig. 4 is prepared so that the "information rate" decreas- 
es as the "number of simultaneously connected A-DP- 
CHs" increases. 

[0069] The information rate controlling unit 24 up- 
dates the "present information rate (the set information 
rate)" stored in the memory 23 according to an informa- 
tion rate newly set as the information rate of a 
DSCH. 

[0070] The information rate controlling unit 24 of this 
embodiment equally controls the information rate s of 
DSCHs of all users (mobile stations 40). 
[0071 ] As shown in Fig. 3, the base station 30 is pro- 
vided with an antenna unit 31 , a DSCH-transmitting unit 
32, and a DPCH-receiving unit 33. 
[0072] The antenna unit 31 is connected to the DSCH- 
transmitting unit 32 and DPCH-receiving unit 33. The 
antenna unit 31 transmits data signals output from the 
DSCH-transmitting unit 32 to the mobile stations 40 
through a radio channel (DSCH). The antenna unit 31 
receives data signals and control signals transmitted 
from the mobile stations 40 through a radio channel (DP- 
CH). 

[0073] The DSCH-transmitting unit 32 is connected to 
the antenna unit 31 , receives data signals output from 
the queuing unit 22 of the radio network controller 20, 
converts the received data signals into a DSCH format, 
and transmits the data signals converted into the DSCH 
format via the antenna unit 31 . 
[0074] The DPCH-receiving unit 33 is connected to 
the antenna unit 31 , receives data signals and control 
signals (including a call request and disconnection re- 
quest) of a DPCH format from the antenna unit 31 , con- 
verts the received data signals and control signals of the 
DPCH format into a format for the radio network control- 
ler 20, and transfers the converted format to the call ad- 
mission controlling unit 25 of the radio network controller 
20. 

(Operations of control system of this embodiment) 

[0075] Operations of the control system constituting 
the above mentioned are described below by referring 
to Fig. 6. Fig. 6 is a flowchart showing operations for 
dynamically controlling the information rate of a DSCH 
in the control system of this embodiment. 
[0076] As shown in Fig. 6, in step 501 , the call admis- 
sion controlling unit 25 of the radio network controller 20 
receives a call request or a disconnection request from 
the mobile station 40 via the antenna unit 31 and the 
DPCH-receiving unit 33 of the base station 30. 
[0077] In step 502, the call admission controlling unit 
25 determines whether or not to admit the above re- 



quest. When the admission determination result is re- 
jection (negative), the call admission controlling unit 25 
returns the message showing that the result is rejection 
to the mobile station 40 and this operation ends. More- 
5 over, when the admission determination result is per- 
mission (positive), this operation advances to step 503. 
[0078] In step 503, when the above request is a "call 
request", the call admission controlling unit 25 increases 
the "number of simultaneously connected A-DPCHs" 
10 stored in the memory 23 by 1 . When the above request 
is a "disconnection request, the call admission control- 
ling unit 25 decreases the "number of simultaneously 
connected A-DPCHs" stored in the memory 23 by 1 . At 
the same time, the call admission controlling unit 25 no- 
's tfftes the information rate controlling unit 24 that it in- 
creases or decreases the "number of simultaneously 
connected A-DPCHs". 

[0079] In step 504, the information rate controlling unit 
24 of the radio network controller 20 obtains the 
20 "number of simultaneously connected A-DPCHs" from 
the memory 23 according to the notice from the call ad- 
mission controlling unit 25 and substitutes the obtained 
"number of simultaneously connected A-DPCHs" for a 
variable X. 

25 [Q080] In step 505, the information rate controlling unit 
24 obtains the "present information rate (the set infor- 
mation rate)" from the memory 23 and substitutes the 
obtained "present information rate (the set information 
rate)" for a variable R^^,. 

30 [0081] In step 506, the information rate controlling unit 
24 obtains an "information rate" corresponding to the 
"number of simultaneously connected A-DPCHs (varia- 
ble X)" according to the equivalence table shown in Fig. 
4 and substitutes the obtained "information rate" for a 

35 variable R^. 

[0082] In step 507, the information rate controlling unit 
24 compares the "present information rate (variable 
Rnow)" with the information rate (variable R^) newly set 
as the information rate of a DSCH". 

<o [Q083] When the "present information rate (variable 
R^)" is equal to the "information rate (variable 
newly set as the information rate of a DSCH", this oper- 
ation is completed. 

[0084] When the "present information rate (variable 
45 R now)" te different from the "information rate (variable 
R^) newly set as the information rate of a DSCH", this 
operation advances to step 508. 
[0085] In step 508, the information rate controlling unit 
24 sets the "information rate (variable R^) newly set as 
so the information rate of a DSCH" to the "present informa- 
tion rate (the set information rate)" in the memory 23. 

(Functions and advantages of control system of this 
embodiment) 

55 

[0086] According to the control system of this embod- 
iment, it is possible to maintain communication quality, 
suppress transmission delay, and simultaneously con- 
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nect with numerous mobile stations 40. 

(Configuration of control system of embodiment 2 of the 
present invention) 

[0087] A configuration of a control system of embod- 
iment 2 of the present invention is described below by 
referring to the accompanying drawings. Fig. 7 shows 
the configuration of the control system of this embodi- 
ment. 

[0088] Asshownin Fig. 7, the configuration of the con- 
trol system of this embodiment is the same as that of 
the control system of the above embodiment 1 except 
that a base station 30 is provided with an A-DPCH-trans- 
mitting unit 34 and A-DPCH transmission power moni- 
toring unit 35. Differences in the control system of the 
embodiment 2 from the control system of the above em- 
bodiment 1 are described below. 
[0089] As shown in Fig. 8, a memory 23 relates an 
"information rate", a "control execution frequency", a 
"number of transmission blocks", a "block error rate", 
and an "average value of A-DPCH transmission power" 
to the "user ID" of each user (mobile station 40) and 
stores them. 

[0090] In this case, the "information rate" shows the 
information rate of a DSCH addressed to each user (mo- 
bile station 40) presently set 

[0091] The "control execution frequency" is used to 
decide a frequency for changing the information rate of 
a DSCH addressed to each user (mobile station 40). 
[0092] The "number of transmission blocks", the 
"number of error blocks", and the "block error rate" show 
the number of transmission blocks, number of error 
blocks, and block error rate of a DSCH or A-DPCH ad- 
dressed to each user (mobile station 40) or a DPCH sent 
from each user (mobile station 40). 
[0093] Furthermore, the "average value of A-DPCH 
transmission power" shows the average value of trans- 
mission power of an A-DPCH addressed to each user 
(mobile station 40). 

[0094] A queuing unit 22 selects users (mobile sta- 
tions 40 1 to 40J according to a predetermined method, 
extracts data signals from user data buffers #1 to #n for 
the selected users (mobile stations 40 1 to 40 n ), and 
transfers the extracted data signals to the DSCH-trans- 
mitting unit 32 of the base station 30. 
[0095] Moreover, the queuing unit 22 extracts the "in- 
formation rate" for each user (mobile station 40) from 
the memory 23 and transfers the extracted information 
rate to the DSCH transmitting unit 32 of the base station 
30. 

[0096] When receiving a notice showing that an ad- 
mission determination result is permission (positive) 
from a call admission controlling unit 25, an information 
rate controlling unit 24 controls the information rate of a 
DSCH addressed to each user (mobile station 40). 
[0097] When a change in the number of dedicated 
channels (number of simultaneously connected A-DP- 



CHs) is detected, the information rate controlling unit 24 
selects a mobile station 40 for preferentially controlling 
the information rate of a shared channel (DSCH) ac- 
cording to transmission errors of data signals and pref- 

5 erentially controls the information rate of the shared 
channel (DSCH) for the selected mobile station. 
[0098] Moreover, after the above control is complet- 
ed, the information rate controlling unit 24 notifies the 
call admission controlling unit 25 that the control is com- 

w pieted. 

[0099] As the number of simultaneously connected 
A-DPCHs increases, the information rate controlling unit 
24 controls the information rate of a DSCH so as to pref- 
erentially lower an information rate starting with a user 
15 having the lowest communication quality, that is, the 
largest block error rate. 

[0100] Moreover, as the number of simultaneously 
connected A-DPCHs decreases, the information rate 
controlling unit 24 controls the information rate of the 

20 DSCH so as to preferentially raise an information rate 
starting with a user having the highest communication 
quality, that is, the smallest block error rate. 
[01 01] Specifically, the information rate controlling 
unit 24 obtains the number of dedicated channels 

25 (number of simultaneously connected A-DPCHs); cal- 
culates a target control frequency (variable X) for con- 
trolling the information rate of a shared channel (DSCH) 
according to the obtained number of dedicated channels 
(number of simultaneously connected A-DPCHs (varia- 

30 ble X); calculates the total control execution frequency 
(variable K) which is the total control execution frequen- 
cies already having executed the control of the informa- 
tion rate of a shared channel (DSCH) in a plurality of 
mobile stations 40; divides the mobile stations 40 into 

35 groups according to the control execution frequencies; 
selects a group having the highest control execution fre- 
quency and selects a mobile station 40 having the small- 
est number of transmission errors in the selected group, 
when the total control execution frequency (variable K) 

40 is higher than a target control frequency (variable X); se- 
lects a group having the lowest control execution fre- 
quency and selects a mobile station 40 having the larg- 
est number of transmission errors in the selected group, 
when the total control execution frequency (variable K) 

45 is lower than a target control frequency (variable X); and 
controls the information rate of the shared channel 
(DSCH) for the selected mobile station 40. 
[01 02] The call admission controlling unit 25 receives 
a call request and a disconnection request from mobile 

so stations 40 via the base station 30 and determines 
whether or not to admit the requests. 
[01 03] When the admission determination result is re- 
jection (negative), the call admission controlling unit 25 
returns the message showing that the result is rejection. 

55 [0104] When the result is permission (positive), the 
call admission controlling unit 25 increases the "number 
of simultaneously connected A-DPCHs" stored in the 
memory 23 by 1 . 
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[0105] Moreover, when the admission determination 
result is permission (positive), the call admission con- 
trolling unit 25 notifies the information rate controlling 
unit 24 that the result is permission. 
[01 06] Furthermore, when receiving the notice show- 
ing that "control is completed" from the information rate 
controlling unit 24, the call admission controlling unit 25 
secures a region for storing the information for a corre- 
sponding user (mobile station 40) in the memory 23 and 
initializes the region with a predetermined initial value 
when the above request is a "call request". 
[0107] The A-DPCH transmitting unit 34 of the base 
station 30 is connected to the antenna unit 31 and A-DP- 
CH transmission power monitoring unit 35, and trans- 
mits the control signals addressed to each user via an- 
tenna unit 31 . 

[0108] The A-DPCH transmission power monitoring 
unit 34 of the base station 30 is connected to the mem- 
ory 23 and the A-DPCH transmitting unit 34, constantly 
monitors the transmission power of an A-DPCH ad- 
dressed to each user (mobile station 40) transmitted 
from the A-DPCH-transmitting unit 34, and stores the 
average value of A-DPCH transmission power in a pre- 
determined period in the "average value of A-DPCH 
transmission power" for each user (mobile station 40) in 
the memory 23. 

[0109] A DPCH-receiving unit 33 monitors the control 
signal from the mobile station 40, calculates a block er- 
ror rate according to the information on the number of 
transmission blocks and the number of error blocks 
transmitted on the DSCH in the control signal, and 
stores the above number of transmission blocks, the 
number of error blocks, and the block error rate as the 
"number of transmission blocks", "number of error 
blocks", and "block error rate" in the memory 23 respec- 
tively. 

(Operations of the control system of this embodiment) 

[0110] Operations of the control system of this em- 
bodiment are described below by referring to the accom- 
panying drawings. Figs. 9 and 10 are flowcharts show- 
ing operations for dynamically controlling the informa- 
tion rate of a DSCH in the control system of this embod- 
iment. 

[01 1 1 ] As shown in Fig. 9, in step 801 , call admission 
controlling unit 25 of the radio network controller 20 re- 
ceives a call request or a disconnection request from 
the mobile station 40 via the antenna unit 31 and DPCH- 
receiving unit 33 of the base station 30. 
[0112] In step 802, the call admission controlling unit 
25 determines whether or not to receive the above re- 
quest. 

[01 13] When the admission determination result is re- 
jection (negative), the call admission controlling unit 25 
returns the message showing that the result is rejection 
to the mobile station 40 and the above operation ends. 
When the admission determination result is permission 



(positive), the above operation advances to step 803. 
[01 14] In step 803, when the above request is a "call 
request", thecal) admission controlling unit 25 increases 
the "number of simultaneously connected A-DPCHs" 

5 stored in the memory 23 by 1 . 

[0115] When the above request is a "disconnection 
request", the call admission controlling unit 25 decreas- 
es the "number of simultaneously connected A-DPCHs" 
stored in the memory 23 by 1 . 

10 [0116] At the same time, the call admission controlling 
unit 25 notifies the information rate controlling unit 24 
that it increases or decreases the "number of simulta- 
neously connected A-DPCHs". 
[01 17] In step 804, the information rate controlling unit 

'5 24 of the radio network controller 20 calculates the 
number of "user I Ds" stored in the memory 23 according 
to the notice from the call admission controlling unit 25 
and substitutes the calculation result for a variable X as 
the "number of simultaneously connected A-DPCHs". 

20 rpi 18] In step 805, the information rate controlling unit 
24 calculates a target control frequency X according to 
the variable X. The target control frequency X is obtained 
by inputting the variable X to a predetermined function 
f (x). In this case, the predetermined function f (x) is an 

25 optional monotone increasing function in which an out- 
put value increases as an input value increases. 
[01 19] In step 806, the information rate controlling unit 
24 adds the "control execution frequencies" of all users 
stored in the memory 23 and substitutes the addition re- 

30 suit for a variable K. 

[01 20] In step 807, the information rate controlling unit 
24 determines whether or not the target control frequen- 
cy X is smaller than the variable K. When the target con- 
trol frequency X is smaller than the variable K, the above 

35 operation advances to step 901 a. In any other case, the 
operation advances to step 808. 
[0121] In step 808 r the information rate controlling unit 
24 determines whether or not the target control frequen- 
cy X is larger than the variable K. When X is larger than 

40 K, the above operation advances to step 901 b. When X 
is not larger than K, that is, X is equal to K, the above 
operation ends. 

[0122] As shown in Fig. 10, in step 901a, the informa- 
tion rate controlling unit 24 divides users (mobile sta- 
45 tions 40) into groups according to control execution fre- 
quencies". 

[0123] In the case of the example in Fig. 8, users are 
divided into a first group of a "control execution frequen- 
cy = 3" (user 1 having user ID=1), a second group of a 

50 "control execution frequency = 2" (user 2 having user 
ID=2), a third group of a "control execution frequency = 
1" (user 4 having user ID = 4), and a fourth group of a 
"control execution frequency = 0" (user 3 having user 
ID=3 and user 5 having user ID=5). 

55 [0124] In step 902a, the information rate controlling 
unit 24 selects a group of the highest "control execution 
frequency". In the case of the example in Fig. 8, the first 
group is selected. 
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[0125] In step 903a, the information rate controlling 
unit 24 selects a user (mobile station 40) having the 
smallest 'number of block error rate" in the selected 
group. In the case of example in Fig. 8, user 1 is select- 
ed. 

[0126] In step 904a, the information rate controlling 
unit 24 raises the "information rate" of the selected user 
(mobile station 40) by one level. In the case of example 
in Fig. 8, the "information rate" of the user 1 is raised by 
one level (e.g. from 64 Kbps to 128 Kbps). 
[0127] In step 905a, the information rate controlling 
unit 24 lowers a "control execution frequency" of the se- 
lected user (mobile station 30). In the case of example 
in Fig. 8, the "control execution frequency" of the user 
1 is decreased from "3" to "2". 

[0128] In step 906a, the information rate controlling 
unit 24 subtracts 1 from the variable K. Then, the above 
operation returns to step 807. 
[0129] In step 901b, the information rate controlling 
unit 24 divides users (mobile stations 40) according to 
"control execution frequencies". 
[0130] In the case of example in Fig. 8, users are di- 
vided into a first group of a "control execution frequency 
= 3" (user 1 having user ID=1 ), a second group of a "con- 
trol execution frequency = 2° (user 2 having user ID=2), 
a third group of a "control execution frequency^ " (user 
4 having user ID=4), and a fourth group of a "control 
execution frequency = 0" (user 3 having user ID=3 and 
user 5 having user ID=5). 

[0131] In step 902b, the information rate controlling 
unit 24 selects a group of the lowest "control execution 
frequency". In the case of the example in Fig. 8, the 
fourth group is selected. 

[0132] In step 903b, the information rate controlling 
unit 24 selects a user (mobile station 40) having the larg- 
est "block error rate" in the selected group. In the case 
of the example in Fig. 8, user 5 is selected. 
[0133] In step 904b, the information rate controlling 
unit 24 lowers the "information rate" of the selected user 
(mobile station 40) by one level. In the case of the ex- 
ample in Fig. 8, the "information rate" of user 5 is low- 
ered by one level (e.g. from 384 Kbps to 320 Kbps). 
[0134] In step 905b, the information rate controlling 
unit 24 raises the "control execution frequency" of the 
selected user (mobile station 40) by one level. In the 
case of the example in Fig. 8, the "control execution fre- 
quency" of the user 5 is raised from "0" to "1". 
[0135] In step 906b, the information rate controlling 
unit 24 adds 1 to the variable K. Then, the above oper- 
ation returns to step 807. 

(Functions and advantages of control system of this 
embodiment) 

[01 36] According to the control system of this embod- 
iment, the information rate controlling unit 24 preferen- 
tially controls the information rate of a DSCH of a spe- 
cific mobile station 40 according to the block error rate 



• of a data signal. Therefore, when the number of simul- 
taneously connected A-DPCHs increases, the informa- 
tion rate of a DSCH for a mobile station 40 having low 
communication quality (large number of transmission 

5 errors) is lowered and when the number of simultane- 
ously connected A-DPCHs decreases, the information 
rate of a DSCH for a mobile station 40 having high com- 
munication quality (small number of transmission er- 
rors) is raised. Thereby, it is possible to operate a mobile 

io packet communication system more efficiently while 
maintaining communication quality. 

(Configuration of control system of embodiments of the 
present invention) 

15 

[0137] The configuration of a control system of em- 
bodiment 3 of the present invention is the same as that 
of the control system of the above embodiment 2. How- 
ever, the function of the information rate controlling unit 
20 24 is different from that of control system of the above 
embodiment 2. 

[0138] The information rate controlling unit 24 of this 
embodiment preferentially controls the information rate 
of the shared channel (DSCH) of a specific mobile sta- 

25 tion 40 according to the average value of transmission 
power of dedicated channels (A-DPCHs) in a predeter- 
mined period when a change in the number of dedicated 
channels (number of simultaneously connected A-DP- 
CHs) is detected. 

30 [0139] Specifically, the information rate controlling 
unit 24 of this embodiment obtains the number of dedi- 
cated channels (number of simultaneously connected 
A-DPCHs); calculates a target control frequency (varia- 
ble X) for controlling the information rate of the shared 

35 channel (DSCH) according to the obtained number of 
dedicated channels (number of simultaneously con- 
nected A-DPCHs); calculates the total control execution 
frequency (variable K) which is the total control execu- 
tion frequencies already having executed the control of 

40 the information rate of the shared channel (DSCH) in a 
plurality of mobile stations 40; divides the mobile sta- 
tions 40 into groups according to control execution fre- 
quencies; selects a group having the highest control ex- 
ecution frequency and selects a mobile station 40 hav- 

45 ing the smallest average value of transmission power of 
dedicated channels (A-DPCHs) in a predetermined pe- 
riod in the selected group, when the total control execu- 
tion frequency (variable K) is larger than a target control 
frequency (variable X)\ selects a group having the lowest 

so control execution frequency and selects a mobile station 
40 having the largest average value of transmission 
power of dedicated channels (A-DPCHs) in a predeter- 
mined period in the selected group, when the total con- 
trol execution frequency (variable K) is smaller than a 

55 target control frequency (variable A.); and controls the 
information rate of the shared channel (DSCH) for the 
selected mobile station 40. 
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(Operations of control system of this embodiment) 

[0140] Operations of this embodiment are the same 
as those of the control system of the above embodiment 
2 except that the information rate of a DSCH is control- 
led according to the average value of transmission pow- 
er of A-DPCHs addressed to users (mobile stations 40) 
instead of controlling the information rate of a DSCH ac- 
cording to the block error rate of each user (mobile sta- 
tion 40). 

[0141] That is, among operations of the control sys- 
tem of this embodiment, operations in steps 801 to 808 
are the same as those of the control system of the above 
embodiment 2. Operations of this embodiment that dif- 
fer from those of the control system of the embodiment 
2 are described below. 

[01 42] As shown in Fig. 9, in step 807, the information 
rate controlling unit 24 determines whether or not the 
target control frequency X is smaller than the variable K. 
[01 43] When the target control frequency X is smaller 
than the variable K, the above operation advances to 
step 1001a. In cases other than the above, the above 
operation advances to step 808. 
[01 44] In step 808, the information rate controlling unit 
24 determines whether or not the target control frequen- 
cy A. is larger than the variable K. 
[0145] When the target control frequency X is larger 
than the variable K, the above operation advances to 
step 1 001 b. In cases other than the above, that is, when 
the target control frequency X is equal to the variable K, 
the above operation ends. 

[0146] As shown in Fig. 11 , in step 1001a, the infor- 
mation rate controlling unit 24 divides users (mobile sta- 
tions 40) into groups according to "control execution fre- 
quencies". 

[01 47] In the case of the example in Fig. 8, users are 
divided into a first group of a "control execution frequen- 
cy = 3" (user 1 having user ID=1), a second group of a 
"control execution frequency = 2" (user 2 having user 
ID=2), a third group of a "control execution frequency = 
1" (user 4 having user ID=4), and a fourth group of a 
■control execution frequency = 0" (user 3 having user 
ID=3 and user 5 having user ID=5). 
[01 48] In step 1 002a, the information rate controlling 
unit 24 selects a group having the highest "control exe- 
cution frequency". In the case of the example in Fig. 8, 
the first group is selected. 

[0149] In step 1 003a, the information rate controlling 
unit 24 selects a user (mobile station 40) having the 
smallest "average value of transmission power of A-DP- 
CHs in the selected group. In the case of the example 
in Fig. 8, the user 1 is selected. 
[01 50] In step 1 004a, the information rate controlling 
unit 24 raises the "information rate" of the selected user 
(mobile station 40) by one level. In the case of the ex- 
ample in Fig. 8, the "information rate" of the user 1 is 
raised by one level (e.g. from 64 Kbps to 128 Kbps). 
[01 51] In step 1 005a, the information rate controlling 



unit 24 lowers the "control execution frequency" of the 
selected user (mobile station 40) by 1 . In the case of the 
example in Fig. 8, the "control execution frequency of 
the user 1 is lowered from "3" to "2". 
s [0152] In step 1006a, the information rate controlling 
unit 24 subtracts 1 from the variable K. Then, the above 
operation returns to step 807. 

[0153] In step 1001b, the information rate controlling 
unit 24 divides users (mobile stations 40) into groups 

10 according to the "control execution frequencies". 

[0154] In the case of the example in Fig. 8, users are 
divided into a first group of the "control execution fre- 
quency = 3" (user 1 having user ID=1), a second group 
of the "control execution frequency=2" (user 2 having 

is user ID=2), a third group of the "control execution fre- 
quency = 1" (user 4 having user ID=4), and a fourth 
group of the "control execution frequency = 0" (user 3 
having user ID=3 and user 5 having user ID=5). 
[0155] In step 1002b, the information rate controlling 

20 unit 24 selects a group having the smallest "control ex- 
ecution frequency" . In the case of the example in Fig. 8, 
the fourth group is selected. 

[0156] In step 1 003b, the information rate controlling 
unit 24 selects the largest "average value of transmis- 

25 sion power" of the selected user (mobile station 40). In 
the case of the example in Fig. 8, the user 3 is selected. 
[0157] In step 1004b, the information rate controlling 
unit 24 increases the "information rate" of the selected 
user (mobile station 40) by one level. In the case of the 

30 example in Fig. 8, the "information rate" of the user 3 is 
lowered by one level (e.g. from 384 Kbps to 320 Kbps). 
[0158] In step 1005b, the information rate controlling 
unit 24 increases the "control execution frequency" of 
the selected user (mobile station 40) by 1 . In the case 

35 of the example in Fig. 8, the "control execution frequen- 
cy" of the user 3 is increased from "0" to "1". 
[0159] In step 1 006b, the information rate controlling 
unit 24 adds 1 to the variable K. Then, the above oper- 
ation returns to step 807. 

40 

(Functions and advantages of control system of this 
embodiment) 

[01 60] According to the control system of this embod- 
45 iment, the information rate controlling unit 24 preferen- 
tially controls the information rate of a DSCH of a spe- 
cific mobile station 40 according to the average value of 
transmission power of A-DPCHs in a predetermined pe- 
riod. 

so [Q161] Therefore, when the number of simultaneously 
connected A-DPCHs increases, the information rate of 
a DSCH for a mobile station 40 having a large average 
value of transmission power of the A-DPCHs in a pre- 
determined period is lowered. 

55 [01 62] When the number of simultaneously connect- 
ed A-DPCHs decreases, the information rate of a DSCH 
for a mobile station 40 having a small average value of 
transmission power of the A-DPCHs in a predetermined 
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period is raised. 

[0163] Thereby, it is possible to operate a mobile 
packet communication system more efficiently while 
maintaining communication quality. 
[01 64] As described above, the present invention can 
provide a control system and a control method making 
it possible to maintain communication quality, decrease 
transmission delay, and simultaneously connect with 
numerous mobile stations 40 (house more users) by dy- 
namically controlling, according to the number of con- 
nected A-DPCHs, the information rate of a DSCH ad- 
dressed to each mobile station 40 in a mobile packet 
communication system for time-division multiplexing 
and transmitting data signals addressed to a plurality of 
mobile stations 40 through a single channel (DSCH) and 
making the transmission power of a DSCH interlock with 
the transmission power of an A-DPCH wfth a predeter- 
mined offset 

[0165] Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the spe- 
cific details and the representative embodiment shown 
and described herein. Accordingly, various modifica- 
tions may be made without departing from the spirit or 
scope of the general inventive concepts defined by the 
appended claims and their equivalents. 



Claims 

1 . A control system for controlling the information rate 
of a shared channel in a mobile packet communi- 
cation system for multiplexing and transmitting data 
signals addressed to a plurality of mobile stations 
through the shared channel and transmitting control 
signals addressed to the respective mobile stations 
through dedicated channels, comprising: 

a dedicated channel number monitoring unit for 
monitoring a change in the number of dedicated 
channels; and 

an information rate controlling unit for control- 
ling the information rate of the shared channel 
according to the detection result when a 
change in the number of dedicated channels is 
detected. 

2. The control system according to claim 1 , wherein 
the information rate controlling unit preferentially 
controls the information rate of the shared channel 
of a specific mobile station according to the number 
of transmission errors of the data signals when a 
change in the number of dedicated channels is de- 
tected. 

3. The control system according to claim 1 1 wherein 
the information rate controlling unit; 

obtains the number of dedicated channels 



when a change in the number of dedicated channels 
is detected 

calculates a target control frequency for con- 
trolling the information rate of the shared channel 
s on the basis of the obtained number of dedicated 
channels, 

calculates a total control execution frequency 
which is the total of control execution frequencies 
already having executed the control of the informa- 
10 tion rate of the shared channel in the plurality mobile 
stations, 

divides the plurality of mobile stations into 
groups according to the control execution frequen- 
cies, 

15 selects a group having the highest control ex- 

ecution frequency and selects a mobile station hav- 
ing the smallest number of transmission errors in 
the selected group, when the total control execution 
frequency is higher than the target control frequen- 

*> cy, 

selects a group having the lowest control ex- 
ecution frequency and selects a mobile station hav- 
ing the largest number of transmission errors in the 
selected group, when the total control execution fre- 
25 quency is lower than the target control frequency, 

controls the information rate of the shared 
channel for the selected mobile station. 

4. The control system according to claim 1 , wherein 
30 the information rate controlling unit preferentially 

controls the information rate of the shared channel 
of a specific mobile station according to the average 
value of transmission power of the dedicated chan- 
nels in a predetermined period when a change in 
35 the number of dedicated channels is detected. 

5, The control system according to claim 1 , wherein 
the information rate controlling unit; 

obtains the number of dedicated channels 
40 when a change in the number of dedicated channels 
is detected, 

calculates a target control frequency for con- 
trolling the information rate of the shared channel 
on the basis of the obtained number of dedicated 
45 channels, 

calculates a total control execution frequency 
which is the total of control execution frequencies 
already having executed the control of the informa- 
tion rate of the shared channel in the plurality of mo- 
50 bile stations, 

divides the mobile stations into groups ac- 
cording to the control execution frequencies, 

selects a group having the highest control ex- 
ecution frequency and selects a mobile station hav- 
55 ing the smallest average value of transmission pow- 
er of the dedicated channels in the predetermined 
period in the selected group, when the total control 
execution frequency is higher than the target control 
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frequency, 

selects a group having the lowest control ex- 
ecution frequency and select a mobile station hav- 
ing the largest average value of transmission power 
of the dedicated channels in the predetermined pe- 
riod in the selected group, when the total control ex- 
ecution frequency is lower than the target control 
frequency, and 

controls the information rate of the shared 
channel for the selected mobile station. 

6. A control method for controlling the information rate 
of a shared channel in a mobile packet communi- 
cation system for multiplexing and transmitting data 
signals addressed to a plurality of mobile stations 
through the shared channel and transmitting control 
signals addressed to the respective mobile stations 
through dedicated channels, comprising the steps 
of: 

(a) monitoring a change in the number of ded- 
icated channels; and 

(b) controlling the information rate of the shared 
channel according to the detection result when 
a change in the number of dedicated channels 
is detected. 

7. The control method according to claim 6, wherein, 
in the step (b), the information rate of the shared 
channel of a specific mobile station is preferentially 
controlled according to the number of transmission 
errors of the data signals when a change in the 
number of dedicated channels is detected. 

8. The control method according to claim 6, wherein 
the step (b) includes the steps of; 

(b1) obtaining the number of dedicated chan- 
nels when a change in the number of dedicated 
channels is detected, 

(b2) calculating a target control frequency for 
controlling the information rate of the shared 
channel on the basis of the obtained number of 
dedicated channels, 

(b3) calculating the total control execution fre- 
quency which is the total of control execution 
frequencies already having executed the con- 
trol of the information rate of the shared chan- 
nel in the mobile stations, 
(b4) dividing the plurality of mobile stations into 
groups according to the control execution fre- 
quencies, 

(b5) selecting a group having the highest con- 
trol execution frequency and selecting a mobile 
station having the smallest number of transmis- 
sion errors in the selected group, when the total 
control execution frequency is higher than the 
target control frequency, 



(b6) selecting a group having the lowest control 
execution frequency and selecting a mobile 
station having the largest number of transmis- 
sion errors in the selected group, when the total 
5 control execution frequency is lower than the 

target control frequency, and 
(b7) controlling the information rate of the 
shared channel for the selected mobile station. 

10 9. The control method according to claim 6, wherein, 
in the step (b), the information rate of the shared 
channel of a specific mobile station is preferentially 
controlled according to the average value of trans- 
mission power of the dedicated channels in a pre- 

is determined period when a change in the number of 
dedicated channels is detected. 

10. The control method according to claim 6, wherein 
the step (b) includes the steps of; 

20 

(b11 ) obtaining the number of dedicated chan- 
nels when a change of the number of dedicated 
channels is detected, 

(b12) calculating a target control frequency for 
25 controlling the information rate of the shared 

channel on the basis of the obtained number of 
dedicated channels, 

(b1 3) calculating the total control execution fre- 
quency which is the total of control execution 

so frequencies already having executed the con- 

trol of the information rate of the shared chan- 
nel in the mobile stations, 
(b14) dividing the plurality of mobile stations in- 
to groups according to the control execution fre- 

35 quencies, 

(b1 5) selecting a group having the highest con- 
trol execution frequency and selecting a mobile 
station having the smallest average value of 
transmission power of the dedicated channels 

40 jn the predetermined period in the selected 

group, when the total control execution fre- 
quency is higher than the target control fre- 
quency, 

(b16) selecting a group having the lowest con- 
45 trol execution frequency and selecting a mobile 

station having the largest average value of 
transmission power of the dedicated channels 
in the predetermined period in the selected 
group, when the total control execution fre- 
so quency is lower than the target control frequen- 

cy, and 

(b17) controlling the information rate of the 
shared channel for the selected mobile station. 

55 11. A radio network controller used for a mobile packet 
communication system for multiplexing and trans- 
mitting data signals addressed to a plurality of mo- 
bile stations through a shared channel and trans- 
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mitting control signals addressed to the respective 
mobile stations through dedicated channels, com- 
prising: 

a dedicated channel number monitoring unit for 
monitoring a change in the number of dedicated 
channels; and 

an information rate controlling unit for control- 
ling the information rate of the shared channel 
according to the detection result when a 
change in the number of dedicated channels is 
detected. 

12. The radio network controller according to claim 11 , 
wherein the information rate controlling unit prefer- 
entially controls the information rate of the shared 
channel of a specific mobile station according to the 
number of transmission errors of the data signals 
when a change in the number of dedicated channels 
is detected. 

13. The radio network controller according to claim 11 , 
wherein the information rate controlling unit; 

obtains the number of dedicated channels 
when a change of the number of dedicated chan- 
nels is detected, 

calculates a target control frequency for con- 
trolling the information rate of the shared channel 
on the basis of the obtained number of dedicated 
channels, 

calculates the total control execution frequen- 
cy which is the total of control execution frequencies 
already having executed the control of the informa- 
tion rate of the shared channel in the mobile sta- 
tions, 

divides the plurality of mobile stations into 
groups according to the control execution frequen- 
cies, 

selects a group having the highest control ex- 
ecution frequency and selects a mobile station hav- 
ing the smallest number of transmission errors in 
the selected group, when the total control execution 
frequency is higher than the target control frequen- 
cy, 

selects a group having the lowest control ex- 
ecution frequency and selects a mobile station hav- 
ing the largest number of transmission errors in the 
selected group, when the total control execution fre- 
quency is lower than the target control frequency, 
and 

controls the information rate of the shared 
channel for the selected mobile station. 

14. The radio network controller according to claim 11 , 
wherein the information rate controlling unit prefer- 
entially controls the information rate of the shared 
channel of a specific mobile station according to the 
average value of transmission power of the dedicat- 



ed channels in a predetermined period when a 
change in the number of dedicated channels is de- 
tected. 

5 15. The radio network controller according to claim 1 1 , 
wherein the information rate controlling unit; 

obtains the number of dedicated channels 
when a change in the number of dedicated channels 
is detected, 

10 calculates a target control frequency for con- 

trolling the information rate of the shared channel 
according to the obtained number of dedicated 
channels, 

calculates the total control execution frequen- 
ts cy which is the total of control execution frequencies 
already having executed the control of the informa- 
tion rate of the shared channel in the mobile sta- 
tions, 

divides the plurality of mobile stations into 
20 groups according to the control execution frequen- 
cies, 

selects a group having the highest control ex- 
ecution frequency and selects a mobile station hav- 
ing the smallest average value of transmission pow- 
25 er of the dedicated channels in the predetermined 
period in the selected group, when the total control 
execution frequency is higherthan the target control 
frequency, 

selects a group having the lowest control ex- 
30 ecution frequency and selects a mobile station hav- 
ing the largest average value of transmission power 
of the dedicated channels in the predetermined pe- 
riod in the selected group, when the total control ex- 
ecution frequency is lower than the target control 
35 frequency, and 

controls the information rate of the shared 
channel for the selected mobile station. 
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